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this continuously chilled column of air, partly because of the frictional drag of the rain, but mainly because of the increase, due to this chilling, of its own density, immediately, and necessarily, becomes a concentrated and vigorous return branch of the vertical circulation. In fact, it (or gravity acting through it) becomes the sustaining cause of the storm's circulation. At the same time, because of the downward blow and because of the retardation of the winds by surface friction, the barometric pressure is abruptly increased, as will be explained later.
It will be worth while to consider some of these statements a little more closely, and to test them with possible numerical values.
Omitting, as one may, the effects of radiation, there seem to be but three possible ways by which the cooling of a thunderstorm may be obtained: (a) by the descent of originally potentially cold air; (b) by chilling the air with the cold rain; (c) by evaporation. Each of these will be considered separately.
a.  Obviously no portion of the upper air could maintain its position if, potentially, even slightly colder than that near the surface, that is, so cold that, even after warming up adiabatically in a fall to the surface, it still would be colder than the air displaced.    If at all, potentially, colder, it would fall until it, "»^f   ^~......   xl
the great decrease in tempera UUJ.G  L.
is not the result of the descent of a layer ^ ^ ^^^.0,113 puueiitmiiy cold, for, as explained, an upper layer sufficiently cold to give, after its descent, the actual cooling, could not exist. Again, any descending air must come from either below the under surface of the cloud, or from above this level. If from below, then, because of adiabatic heating during its descent through air which, as above explained, has practically the adiabatic temperature gradient, it must reach the earth at substantially the original surface temperature. If from above, it would, as is obvious from Fig. 103, reach the earth even warmer than the original surface temperature. Hence, looked at in any way, case (a) clearly is inadmissible.
The above statements may, possibly, seem to contravene the explanation that many thunderstorms originate in the establishment, by crosscurrents, of superadiabatic temperature gradients. In reality, however,.....
they are in harmony with that explanation which is based on the fact that such gradients can not be maintained, but must at once cause vertical convection. Besides, such mechanically established gradients merely initiate but do not, as we shall see, maintain the storm.
b.  Let the under surface of the thunderstorm cloud be 1500 meters above the earth, and the column of air, cooled by the cold rain and its evaporation, 2000 meters high.    Let the surface temperature be 30° C., and the temperature gradient, before the storm begins, adiabatic up to the undercloud level, and let there be a 2-cm. rainfall.

